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Abstract

Cochlear implantation is an effective intervention to restore useful aspects of hearing func-

tion in adults with severe-to-profound hearing loss. Tinnitus, the perception of sound in the

absence of an external source, is common in people with severe-to-profound hearing loss.

Existing evidence suggests cochlear implantation may be effective in reducing the negative

impact of tinnitus in this population. However, this is contradicted by data suggesting that up

to half of cochlear implant recipients experience tinnitus, and that some of these patients

who did not have tinnitus before cochlear implantation experience it after surgery or cochlear

implant activation. Most evidence on the effects of cochlear implantation on tinnitus comes

from secondary data in cochlear implant studies primarily concerned with hearing-related

outcomes. Hence, the quality of the evidence for effects on tinnitus is low and not suitable to

inform clinical recommendations or decision-making. This study will systematically collect

data on tinnitus and tinnitus-related outcomes from patients at multiple points during the

cochlear implant pathway to characterise changes in tinnitus. This will improve our under-

standing of the effects of cochlear implantation for tinnitus in adults with severe to profound

hearing loss and inform the design of clinical trials of cochlear implantation for tinnitus.

Introduction

Unilateral cochlear implantation is a clinically- and cost-effective intervention to restore useful

aspects of hearing function in adults with severe-to-profound hearing loss in both ears [1].

Cochlear implant recipients generally have an awareness of environmental sounds [2], and a

good understanding of conversational speech in quiet listening conditions [3]. In addition to

hearing loss, adults eligible to receive a cochlear implant often experience tinnitus: a percep-

tion of sound in the ears or head that does not come from an external source [4]. Tinnitus is
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associated with psychological symptoms such as anxiety, depression, and insomnia, which can

have a significant impact on the patient’s quality of life [5, 6]. Population-based studies suggest

a prevalence of tinnitus among cochlear implantation candidates to be at least 50%, but it may

be as high as 80% [7, 8]. Systematic reviews suggest that in addition to its effects on hearing-

related outcomes, cochlear implantation can alleviate tinnitus [9–15]. However, previous data

from systematic reviews and population-based studies also suggests that roughly half of

cochlear implant recipients still experience tinnitus after implantation [8, 16, 17]. Moreover, a

small proportion of patients have been found to develop or experience a worsening of their

existing tinnitus after implantation [14]. In the UK, cochlear implantation is not currently rec-

ommended as a primary intervention for tinnitus [18].

The availability of high-quality evidence from large-scale, multicentre trials of cochlear

implantation for tinnitus is lacking. For instance, National Institute for Health and Care Excel-

lence (NICE) guidelines and systematic reviews identified the lack of randomised controlled

trials and high-quality prospective studies on the effectiveness of cochlear implantation for tin-

nitus in people with bilateral, severe-to-profound hearing loss. In the evidence on the effects of

cochlear implantation on tinnitus that is available, there is a large degree of heterogeneity [9,

13, 18]. This is driven by two factors. The first is variability in the data collection methods and

the types of outcome measures used to assess tinnitus and related characteristics. Whilst cur-

rent efforts in the wider field of tinnitus research focus on improved systematic data collection

using standard outcome measures [19, 20], outcome measures used in studies looking at the

effects of cochlear implantation for tinnitus are not standardised. Prospective, systematic, and

comprehensive collection of tinnitus outcomes is not routinely undertaken in patients under-

going cochlear implantation. Instead, tinnitus is typically assessed as a secondary measure in

clinical trials that are primarily concerned with cochlear implantation as an intervention to

restore useful aspects of hearing. These trials tend not to collect data about comorbid outcomes

such as anxiety, depression, or insomnia. As a result, it is often not possible to fully characterise

changes in tinnitus or dissociate them from changes in hearing-related problems following

implantation from the available evidence. The second factor is the evidence gap that arises

from specific challenges regarding the feasibility of conducting clinical trials of cochlear

implantation for the alleviation of tinnitus. It is not possible to fully randomise patients

because implantation cannot be withheld from patients who are eligible to receive a cochlear

implant based on the current candidacy criteria. Randomising patients in an RCT to receive

either one or two CIs has been done [21], but such a design lacks a true control condition

since participants in both groups are undergoing cochlear implantation. An alternative

approach using a waiting list control design could be unethical due to the potential negative

effect of delaying cochlear implantation on patient outcomes [22]. Furthermore, the nature of

cochlear implantation makes it impossible to blind patients and clinicians to this intervention.

The lack of consistent and comprehensive data also prevents the disentanglement of

changes in tinnitus following implantation from the beneficial effects of implantation on hear-

ing and quality of life [23]. Crucially, it is a barrier to predicting tinnitus outcomes following

cochlear implantation, and thus cannot support evidence-based decision making by patients

and clinicians or lead to changes in practice for the management of tinnitus in patients with

bilateral severe-to-profound hearing loss [10, 11, 13, 14]. Whilst findings from small observa-

tional studies suggest a potential association between surgical, or pre- and post-operative psy-

chological symptoms during auditory rehabilitation and the occurrence or worsening of

tinnitus and related symptoms, the relevant factors, or the stages of cochlear implantation care

pathway at which these factors might influence tinnitus, remain unknown [24, 25]. Conse-

quently, it is unclear whether these factors require management during the cochlear implanta-

tion pathway. Taken together, there is a need for systematic and comprehensive research to
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address the current evidence gap and to improve our understanding of meaningful changes in

tinnitus and related characteristics in patients undergoing cochlear implantation.

The purpose of the present study is to determine what changes in tinnitus and related out-

comes occur in patients following cochlear implantation. Systematic data collection at different

time points during the implantation care pathway will provide estimates of prevalence, inci-

dence of new and worsening tinnitus and access to tinnitus care, and data on the factors associ-

ated with changes in tinnitus-related outcomes. This will allow exploration of the utility of

different outcomes as predictors of tinnitus changes and tinnitus-related cochlear implanta-

tion candidacy criteria in future studies. Moreover, the data will be used to explore associations

between tinnitus and factors related to hearing, cochlear implantation, psychological wellbe-

ing, and quality of life in cochlear implant recipients with and without tinnitus [23].

Methods

This study received favourable opinion from the Bromley Research Ethics Committee (REC)

Health Research Authority (HRA) and Health and Care Research Wales (HCRW) on 26/04/

2023 (amended 18/06/2023) IRAS ID: 292855, protocol number: 23004, REC reference: 23/

LO/0140. This study is sponsored by the University of Nottingham, sponsor reference: 23004.

This protocol is registered on clinicaltrials.gov under registration number NCT06085885.

Participants

The sample will comprise adults assessed as eligible to receive a unilateral cochlear implant

through the National Health Service (NHS) in the UK. Participants will be recruited from the

caseload of patients in participating cochlear implant service providers. Potential participants

will be identified and approached by members of their clinical care team, either via searches of

clinical databases or opportunistically during routine clinical appointments. Posters will be

displayed in relevant clinical areas inviting patients to inquire about the study with their clini-

cal care team or the study team. Potential participants will be provided with a participant infor-

mation sheet and be invited to direct any questions at members of their clinical care team or

the study team. Informed consent from patients who decide to take part will be taken online

before data collection commences.

Secondary, non-clinical recruitment routes will include study advertisements via the NIHR

Nottingham BRC newsletter, social media (e.g., NIHR Nottingham BRC Twitter, Facebook

accounts) and other online advertisements, including professional and charity organisations

(e.g., British Cochlear Implant Group, Tinnitus UK, National Cochlear Implant Users Associa-

tion). However, potential participants will only be able to take part if they are receiving their

treatment at one of the participating cochlear implantation service providers.

The inclusion criteria are as follows:

• Aged 18 years or older.

• Determined by clinical care team to be eligible for unilateral cochlear implantation and pro-

ceed to receive one.

• Sufficient written or spoken English to participate in study activities.

• Able to give informed consent.

• Did not previously receive a cochlear implant in either ear.

• Have access to computer or other suitable device with internet access to complete online

study questionnaires.
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• Able to give informed consent.

The exclusion criteria are as follows:

• Existing or previous cochlear implant user.

• No access to computer or other suitable device with internet access to complete online study

questionnaires.

• Unable to complete study activities independently.

The study will recruit at least 50 participants with tinnitus pre-implantation. Participants

will provide written informed consent ahead of participation. The study is powered on the

Tinnitus Functional Index (TFI) as primary tinnitus outcome measure to determine meaning-

ful changes in tinnitus outcomes following cochlear implantation. The minimum difference

on the TFI has not been estimated in the present population and it is not possible to estimate

the sample size directly. Previous data on the performance of the TFI in the general UK popu-

lation suggest an average TFI score of 50.8 (standard deviation = 25.1), and a minimum differ-

ence of 17.9 points to improve tinnitus from being perceived as a moderate to a small

problem–which could be considered as a meaningful change from a tinnitus severity category

considered as bothersome to its lowest self-reported category [26]. Therefore, assuming the

average and standard deviation estimates reported above, and a weak correlation of r = 0.3

between the pre- and post-implantation TFI scores, a conservative estimate based on a one-

tailed t-test at a significance level of 0.05 suggests that a sample of 31 patients would be

required to detect the minimum improvement on TFI that would be meaningful to patients.

Considering a very conservative attrition rate of 38% [26], about 50 patients with tinnitus

would be needed to detect a minimum reduction in TFI score post-implantation. This large,

conservative, attrition rate has been used due to the new patient-led method of data collection

using online questionnaires. Discontinued/withdrawn participants will be replaced until the

minimum target of 50 participants is reached and recruitment of new participants enables fol-

lowing up for at least 3 months within the duration of the study.

Study regimen

Data will be collecting using a range of standardised questionnaires, using the online JISC sur-

vey software (https://www.onlinesurveys.ac.uk). The following questionnaires will be

administered:

Primary outcome measure. Tinnitus symptom severity5

• Tinnitus Functional Index (TFI) to assess the impact of tinnitus on the patients reporting

tinnitus [27]. NICE has recommended the TFI for the assessment of tinnitus impact in adults

[28], and changes on TFI will be used to address the primary objective of the study. The max-

imum overall score is 100, with higher scores indicating greater tinnitus symptom severity.

Secondary outcome measures. Tinnitus and hearing status

• Tinnitus case profiling questionnaire (ESiT-SQ) to comprehensively characterise tinnitus-

related socio-demographic, health and lifestyle factors, sound tolerance, tinnitus presence

and its characteristics and access to treatments in those who report having tinnitus [29]. This

is a case history questionnaire without a numerical scoring system.

• Speech, Spatial and Qualities 12 (SSQ-12) to assess hearing function in everyday situations

[30]. The SSQ has been found to be sensitive for detecting listening difficulties associated
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with changes in the severity of hearing loss in the general population [31, 32], and an effi-

cient and sensitive measure of changes in self-reported hearing function in cochlear implant

recipients [33]. Scores range from 0 to 120, with a higher score indicating better hearing

ability.

Mental health

• Patient Health Questionnaire (PHQ-9) to assess the presence and severity of depressive

symptoms [34]. The PHQ-9 is a standard diagnostic questionnaire widely used in both clini-

cal settings and research studies, including assessments of depressive symptoms in patients

with tinnitus [35, 36]. The PHQ-9 is scored from 0 to 27, with a higher score indicating

more severe symptoms.

• Generalized Anxiety Disorder (GAD-7) to assess the presence and severity of anxiety symp-

toms [37]. The GAD-7 is a standard diagnostic questionnaire widely used in both clinical

settings and research including studies assessing anxiety in the general tinnitus population

[35], and cochlear implant recipients [24, 38]. The GAD is scored from 0 to 21, with higher

scores indicating more severe anxiety.

• Insomnia Severity Index (ISI) to assess the presence, severity and nature of insomnia symp-

toms [39]. The ISI has been found to be a reliable measure for detecting clinically abnormal

insomnia symptoms [40, 41]. It has been widely used in studies investigating insomnia in the

general tinnitus population [35, 42, 43], cochlear implant recipients [17], and clinical trials

evaluating effectiveness of interventions for insomnia [44]. The ISI is scored from 0 to 28,

with higher scores indicating more severe insomnia.

Quality of life

• Two Quality of Life (QoL) questionnaires to assess changes in (a) hearing-related quality of

life using the Health Utilities Index Mark 3 [45] and (b) health-related quality of life using

the EuroQol EQ-5D-5L questionnaire [46]. Both questionnaires will be used as Health Utili-

ties Index Mark 3 is used by NICE in recommendations for the provision of cochlear

implantation in the UK [18], while EQ-5D is the preferred instrument by NICE to measure

health-related quality of life with the ‘5L’ version supported for use in prospective clinical

studies [47, 48]. The EQ-5D has been also shown to be sensitive to changes in tinnitus and

recommended for evaluating interventions intended to alleviate tinnitus [23]. The EQ-5D-

5L is scored from 0 to 120, with a lower score indicating worse health. The HUI-3 score

ranges from 0.00 (death) to 1.00 (perfect health).

Data will be collected at baseline, 2 weeks after cochlear implantation, immediately after the

activation of the implant, and at 1, 3 and 6 months after activation. For an overview of which

questionnaires will be administered at each timepoint, please refer to Fig 1.

Planned analyses

Data analyses will be conducted by the study team with support from a medical statistician,

using Microsoft Excel and SPSS Statistics. Statistical methods will be used to characterise the

sample and evaluate changes in the severity of tinnitus and patient-specific factors before and

after implantation. Data analyses will include descriptive statistics, omnibus tests (e.g.,

ANOVA) or non-parametric statistical methods where appropriate (e.g., Mann Whitney U

test). If data permits, participants will be grouped according to their socio-demographic and

relevant patient-specific characteristics, including the presence, severity and nature of tinnitus,

hearing-related outcomes, psychological symptoms and factors related to cochlear
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implantation or device use. We will construct regression models to explore associations

between the severity of tinnitus and existence/severity of psychological symptoms, socio-

demographic variables, hearing-related outcomes, and quality of life in patients with and with-

out tinnitus. Data from participants who do not complete the final follow-up will still be ana-

lysed. Datasets missing more than that will not be analysed.

Discussion

Cochlear implantation is an effective intervention that restores useful aspects of hearing in

those with severe to profound hearing loss or who are Deaf. It may also be effective in reducing

tinnitus symptom severity. The purpose of this study is to characterise changes in tinnitus out-

comes in adults with bilateral severe-to-profound hearing loss undergoing cochlear implanta-

tion to improve our understanding of cochlear implantation as a potential intervention for

tinnitus in adults. Existing data is insufficient to predict the tinnitus-related effects of cochlear

implantation, making it difficult for clinicians to advise and inform potential cochlear implant

recipients in an evidence-based way. The findings will inform clinical decision-making as well

as future large-scale studies towards identifying predictive factors of changes in tinnitus fol-

lowing cochlear implantation and proposing tinnitus-related candidacy criteria for cochlear

implantation to alleviate tinnitus.

Supporting information

S1 Checklist. SPIRIT 2013 checklist: Recommended items to address in a clinical trial pro-

tocol and related documents*.
(DOC)

Fig 1. Schedule of online questionnaires.

https://doi.org/10.1371/journal.pone.0302790.g001
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36. Wallhäusser-Franke E., et al., Transition from acute to chronic tinnitus: predictors for the development

of chronic distressing tinnitus. Frontiers in neurology, 2017. 8: p. 605. https://doi.org/10.3389/fneur.

2017.00605 PMID: 29209267

37. Spitzer R.L., et al., A brief measure for assessing generalized anxiety disorder: the GAD-7. Archives of

internal medicine, 2006. 166(10): p. 1092–1097. https://doi.org/10.1001/archinte.166.10.1092 PMID:

16717171

38. Olze H., et al., The impact of cochlear implantation on tinnitus, stress and quality of life in postlingually

deafened patients. Audiology and Neurotology, 2011. 17(1): p. 2–11. https://doi.org/10.1159/

000323847 PMID: 21540584

39. Bastien C.H., Vallières A., and Morin C.M., Validation of the Insomnia Severity Index as an outcome

measure for insomnia research. Sleep medicine, 2001. 2(4): p. 297–307. https://doi.org/10.1016/

s1389-9457(00)00065-4 PMID: 11438246

40. Gagnon C., et al., Validation of the Insomnia Severity Index in primary care. The Journal of the Ameri-

can Board of Family Medicine, 2013. 26(6): p. 701–710. https://doi.org/10.3122/jabfm.2013.06.130064

PMID: 24204066

41. Smith M.T. and Wegener S.T., Measures of sleep: the insomnia severity index, medical outcomes

study (MOS) sleep scale, Pittsburgh sleep diary (PSD), and Pittsburgh sleep quality index (PSQI).

Arthritis Care & Research: Official Journal of the American College of Rheumatology, 2003. 49(S5): p.

S184–S196.

42. Crönlein T., et al., Insomnia in patients with chronic tinnitus: Cognitive and emotional distress as moder-

ator variables. Journal of psychosomatic research, 2016. 83: p. 65–68. https://doi.org/10.1016/j.

jpsychores.2016.03.001 PMID: 27020079

43. Miguel G.S., et al., The effect of insomnia on tinnitus. Annals of Otology, Rhinology & Laryngology,

2014. 123(10): p. 696–700. https://doi.org/10.1177/0003489414532779 PMID: 24816421

44. Curtis F., et al., Effects of cognitive behavioural therapy on insomnia in adults with tinnitus: Systematic

review and meta-analysis of randomised controlled trials. Sleep Medicine Reviews, 2021. 56: p.

101405. https://doi.org/10.1016/j.smrv.2020.101405 PMID: 33360841

45. Feeny D., et al., Multi-attribute health status classification systems: Health Utilities Index. Pharmacoe-

conomics, 1995. 7: p. 490–502.

46. Herdman M., et al., Development and preliminary testing of the new five-level version of EQ-5D (EQ-

5D-5L). Quality of life research, 2011. 20: p. 1727–1736. https://doi.org/10.1007/s11136-011-9903-x

PMID: 21479777

47. Excellence N.I.f.H.a.C., Guide to the methods of technology appraisal. NICE technology appraisal guid-

ance 2013. 166.

48. Excellence N.I.f.H.a.C., Position statement on use of the EQ-5D-5L value set for England. NICE tech-

nology appraisal guidance 2019. 566.

PLOS ONE Tinnitus and cochlear implants

PLOS ONE | https://doi.org/10.1371/journal.pone.0302790 June 17, 2024 9 / 9

https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/pubmed/11556941
https://doi.org/10.1080/14992027.2018.1537524
http://www.ncbi.nlm.nih.gov/pubmed/30628492
https://doi.org/10.3389/fneur.2017.00605
https://doi.org/10.3389/fneur.2017.00605
http://www.ncbi.nlm.nih.gov/pubmed/29209267
https://doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/pubmed/16717171
https://doi.org/10.1159/000323847
https://doi.org/10.1159/000323847
http://www.ncbi.nlm.nih.gov/pubmed/21540584
https://doi.org/10.1016/s1389-9457%2800%2900065-4
https://doi.org/10.1016/s1389-9457%2800%2900065-4
http://www.ncbi.nlm.nih.gov/pubmed/11438246
https://doi.org/10.3122/jabfm.2013.06.130064
http://www.ncbi.nlm.nih.gov/pubmed/24204066
https://doi.org/10.1016/j.jpsychores.2016.03.001
https://doi.org/10.1016/j.jpsychores.2016.03.001
http://www.ncbi.nlm.nih.gov/pubmed/27020079
https://doi.org/10.1177/0003489414532779
http://www.ncbi.nlm.nih.gov/pubmed/24816421
https://doi.org/10.1016/j.smrv.2020.101405
http://www.ncbi.nlm.nih.gov/pubmed/33360841
https://doi.org/10.1007/s11136-011-9903-x
http://www.ncbi.nlm.nih.gov/pubmed/21479777
https://doi.org/10.1371/journal.pone.0302790

